BHK cells infected with strain 17 syn + (HSV-1) or HG52 (HSC-2)incorporated inorganic sulphate into polypeptides which co-migrated on SDS-polyacrylamide gels with virus-induced glycoproteins. The major sulphated glycoprotein was glycoprotein E. In addition, less-intense sulphated bands co-migrated with glycoprotein D and HSV-1 glycoprotein A/B/C. Sulphate label co-migrating with HSV-2 glycoprotein A/B/C was occasionally observed. We have investigated which sulphated polypeptides are excreted from infected cells. Major ones of apparent mol. wt. 32000, 34000 and 35000 were excreted from cells infected with 17 syn +. In addition, polypeptides which migrated in the vicinity of glycoprotein D were often excreted from cells infected with either 17 syn + or HG52. The 32K, 34K and 35K polypeptides were antigenically related to glycoprotein D and over 95 % of the total amount synthesized was excreted. Analysis of intracellular sulphated polypeptides using intertypic recombinants mapped glycoprotein E to between 0-832 and 0-950 units of the HSV genome.
INTRODUCTION
Five major virus-induced glycoproteins designated A, B, C, D and E have been identified in herpes simplex virus (HSV)-infected cells (Spear, 1976; Baucke & Spear, 1979) . Glycoproteins A and B are antigenically related (Eberle & Courtney, 1980) . The processing of HSV glycoproteins is complex, involving the addition of heterosaccharide chains containing glucosamine, fucose and sialic acid (Honess & Roizman, 1975) and mannose (Eisenberg et al., 1979) to polypeptide precursors. This addition has been shown for glycoproteins C and D to occur via a dolichol-mediated step (Pizer et al., 1980) . Furthermore, glycoprotein A/B (Haarr & Marsden, 1981) , glycoprotein C and glycoprotein D Haarr & Marsden, 1981) have been shown, by analysis on two-dimensional gels, to be generated by at least 16, 15 and 12 discrete steps respectively, each involving in part the addition of sialic acid residues.
Inorganic sulphate is incorporated into glycoproteins of several virus groups including paramyxoviruses (simian virus 5 and Sendai), rhabdoviruses (vesicular stomatitis virus), togaviruses (Sindbis), oncornaviruses (Rauscher leukaemia virus) (Pinter & Compans, 1975) , orthomyxoviruses (influenza virus) (Compans & Pinter, 1975) and one member of the herpesvirus group (pseudorabies) (Erickson & Kaplan, 1973; Pennington & McCrae, 1977) . Therefore, we decided to investigate whether sulphation plays a role in the processing of any HSV glycoproteins. The experiments reported here demonstrate that this is so. R 
. G. HOPE AND OTHERS
Interest has focused recently on excreted polypeptides as a potential source of antigens for vaccines. Glycoproteins are excreted from cells infected with at least three different herpesviruses: HSV (Kaplan et al., 1975; Chen et al., 1978; Norrild & Vertergaard, 1979; Randall et al., 1980) , pseudorabies (Erickson & Kaplan, 1973; Pennington & McCrae, 1977) and herpesvirus saimiri (Randall & Honess, 1980) . We show here that a subset of HSV-induced sulphated glycoproteins are excreted. Amongst those excreted from HSV-1-infected cells are three polypeptides having apparent mol. wt. 32000, 34 000 and 35 000. The origin of these polypeptides is investigated.
Considerable progress in understanding the organization of the HSV genome has been facilitated by a knowledge of the genomic location of many HSV polypeptides. Much of this information has been obtained from an analysis of HSV-1/HSV-2 intertypic recombinants Morse et al., 1978a, b; Preston et al., 1978; Wilkie et al., 1978; Ruyechan et al., 1979; Chartrand et al., 1980; Halliburton, 1980; Lemaster & Roizman, 1980; Conley et al., 1981) . During the course of these studies we noticed that a previously unmapped glycoprotein (identified as glycoprotein E) induced by strain 17 syn + (HSV-1) migrated slightly faster on SDS-polyacrylamide gels than did the equivalent glycoprotein induced by HG52 (HSV-2). We have exploited this observed mobility difference to obtain a physical map location for glycoprotein E.
METHODS
Cells. BHK-21 clone 13 cells (Macpherson & Stoker, 1962) were grown in Eagle's medium supplemented with 10% calf serum. HFL cells, a line of human foetal lung cells established by Dr B. Carritt, were grown in Eagle's medium supplemented with 10% foetal calf serum.
Virus. HSV-1 strain 17 syn + (Brown et al., 1973) , the derived temperature-sensitive mutant ts K syn + (Marsden et al., 1976) and HSV-2 strain HG52 (Timbury, 1971) were used in this study. The genesis and genome structures of the recombinants employed have been described elsewhere Davison et al., 198 I) .
Chemicals. Acrylamide was obtained from Koch-Light Laboratories, N,N'-methylenebisacrylamide, glycine, SDS and 2-mercaptoethanol were obtained from BDH, trizma base from Sigma, and ammonium persulphate and N,N,N',N'-tetramethylethylenediamine from Bio-Rad Laboratories.
Radioactive labelling. Confluent monolayers in 30 mm dishes were infected with ~ 20 p.f.u./ cell. After 1 h, virus was removed and the infected cell monolayer was washed twice with labelling medium (see below). Incubation was continued in 1 ml of that medium. For 22 h labelling cells were incubated in the presence of (i) 35S-labelled inorganic sulphate (Amersham International, sp. act. 25 to 40 Ci/mg) at a concentration of 300 to 500/~Ci/ml in sulphatefree Eagle's medium supplement with 2% calf serum, (ii) [~SS]methionine (Amersham International, sp. act. > 600 Ci/mmol) at a concentration of i0/~Ci/ml in Eagle's medium containing one-fifth the normal concentration of methionine and 2% calf serum, (iii) D-[ 1-14C]glucosamine hydrochloride (Amersham International, sp. act. 50 to 60 mCi/mmol) at a concentration of 10/~Ci/ml in Eagle's medium supplemented with 2 % calf serum or (iv) [2-3H]mannose (Amersham International, sp. act. 10 to 20 Ci/mmol) at a concentration of 100/~Ci/ml in Eagle's medium supplemented with 2% calf serum. (The ethanol in which the mannose was supplied was removed before use.) Label was added 2 h after the end of virus absorption and cultures were harvested 20 h later. To pulse-label cells the growth medium (Eagle's medium, with or without sulphate as appropriate, and supplemented with 2% calf serum) was removed at 5 h post-infection and the radioactive label added in phosphatebuffered saline with 1% non-essential amino acids. Control mock-infected cultures were treated in a similar manner except that virus was omitted. Excreted polypeptides were HS V sulphated glycoproteins 401 harvested by transferring the 1 ml of medium in which the infected cells were labelled to a 1.5 ml reaction vial (Sarstedt) which was centrifuged at 35 000 g for 2 h in a Sorvall RC-5B centrifuge at +4 °C. The supernatant was removed, 0.5 ml of denaturing buffer added and samples processed for electrophoresis (Marsden et al., 1976) . Intracellular polypeptides were harvested as described earlier .
Isolation of monoclonal antibodies and immunoprecipitation. The isolation and characterization of the anti-gD monoclonal antibody no. 140 used in this study will be described elsewhere. It has type-common precipitating activity O. Palfreyman, unpublished results). Immunoprecipitation was performed by the method of Ke s sler (1975) .
Fc affinity chromatography. This was performed as described by Baucke & Spear (1979) .
Bovine serum albumin (fraction V) was purchased from Sigma and anti-bovine serum albumin (rabbit) from Miles-Yeda. (Marsden et al., 1976) . Samples labelled with inorganic sulphate were not diluted. Slab gels were run as described previously . Fluorography and estimates of the amount of protein in individual bands. Gels were treated with En3Hance (New England Nuclear), dried and exposed to preflashed Kodak X-Omat XH1 film. Fluorographs were scanned with a Joyce-Loebl double-beam scanning microdensitometer. Peaks corresponding to the polypeptides under investigation were cut out of the densitometer scan and weighed.
SDS-polyacrylamide gel electrophoresis (SDS-PAGE
Polypeptide nomenclature. For glycoproteins we have used the nomenclature agreed at the herpes simplex virus workshop held at Cold Spring Harbor Laboratories (1979) . The gA, gB, gC, gD and gE glycoproteins are the fully processed forms of the glycoproteins identified by Spear (1976) and Baucke & Spear (1979) . A prefix 'p' indicates a precursor form of the glycoprotein. Where we cannot or do not wish to distinguish between different forms of a glycoprotein we have written out the prefix in full, e.g. glycoprotein A. When glycoproteins are not resolved from each other we have indicated it thus: glycoprotein A/B or glycoprotein A/B/C. The correlation between this nomenclature and our previously used one (Marsden et al., 1976 has been discussed by Haarr & Marsden (1981) .
RESULTS

Virus-induced polypeptides which label with inorganic sulphate
Initial experiments showed that incorporation of labelled inorganic sulphate into trichloroacetic acid (TCA)-precipitable material in both uninfected and infected cells was higher if the cells were grown in sulphate-free rather than normal medium. To test whether inorganic sulphate is incorporated into the same major macromolecules in normal or sulphate-free medium, both uninfected and infected cells were labelled with 500 gCi/ml 35S-inorganic sulphate in either medium, and the same proportion of cells from each dish were resolved by SDS-PAGE. Fig. 1 shows that using either medium the label was incorporated in uninfected cells into macromolecules of heterogeneous size (tracks 4 and 5). After infection with HSV-1 and HSV-2 incorporation was dramatically reduced and the profile was altered (tracks 1, 2, 3, 6, 7 and 8). Tracks 1 and 8 are longer exposures of tracks 2 and 6 respectively. Comparison of track 1 with track 3 and track 7 with track 8 shows that the increased incorporation in sulphate-free medium was into the same major macromolecules as in normal medium. Subsequent experiments were therefore performed in sulphate-free media. (-) . The polypeptides in this and subsequent figures were resolved on 5 to 12.5 % SDS-polyacrylamide gradient gels. Tracks 1 and 8 are from an autoradiograph which was exposed for approx, six times longer than that from which tracks 2 to 6 were taken.
Since the glycoproteins of many viruses are known to be sulphated we compared the mobility, on S D S -p o l y a c r y l a m i d e gels, of polypeptides labelled from 5 to 7 h postqnfection with 35S-inorganic sulphate or [3H]mannose (Fig. 2) . In cells infected with either HSV-1 or HSV-2 a major sulphated moiety was induced which, from data presented later, can be identified as glycoprotein E. In addition, in HSV-l-infected cells, less-intense sulphated bands co-migrated with glycoproteins A / B / C , D and polypeptides of apparent mol. wt. 32000, 34000 and 35000. The 32K, 34K, 35K polypeptides can just be detected in Fig. 2 Table 1 . Glycoproteins A/B/C and D were generally more heavily labelled during a 2 to 24 h label than during a pulse of 1 to 2 h duration, an observation to which we shall return. Fig. 2 also shows that for glycoprotein D the sulphate was associated only with the more fully processed forms and not the precursor (pgD).
That the sulphated polypeptides are virus-induced is suggested by the observations that at the non-permissive temperature (38 °C) the mutant ts K which is blocked very early in and labelled with ass-inorganic sulphate were applied to either IgG-BSA-Sepharose (IgG) or control BSA-Sepharose (C) columns. After extensive washing, bound polypeptides were eluted with 3 M-potassium thiocyanate as described by Baucke & Spear (1979) . The bound and eluted polypeptides together with the infected cell extracts were resolved by SDS-PAGE. All tracks come from one autoradiograph of a single gel but some intervening irrelevant tracks have been removed. All tracks of the autoradiograph were exposed to the gel for equal times. The figure has been trimmed to show only those polypeptides of mol. wt. greater than approx. 30000. infection (Preston, 1979) did not induce them in significant amounts (Fig. 3) . The sulphated polypeptides of apparent mol. wt. 32000 and 34000 also appeared to be virus-induced as they were not seen in cells infected at 38 °C with ts K. However, the high mol. wt. sulphated moiety which migrated near the top of the resolving gel ( Fig. 2 and 3) is probably of host origin since it was present in the 38 °C infection with ts K. Baucke & Spear (1979) identified an HSV-induced glycoprotein (designated glycoprotein E) which had affinity for the Fc region of IgG. We tested whether any of the HSV-induced sulphated glycoproteins possessed this affinity. Fc affinity columns consisting of rabbit antibody bound to an antigen (BSA) which was itself covalently coupled to Sepharose 4B were prepared as described by Baucke & Spear (1979) . Control columns lacked rabbit antibody. Equal volumes of an extract of cells infected with either 17 syn + or HG52 and labelled with 35S-inorganic sulphate were applied to the affinity or control columns and eluted as described. The results are presented in Fig. 4 . The major sulphated glycoprotein in cells infected with 17 syn + was more strongly bound by the Fc affinity column (track 2) than by the control column (track 3) indicating identity with glycoprotein E, the Fc-binding glycoprotein. The major sulphated glycoprotein induced by HG52 also bound mor e strongly to the Fc affinity column (track 5) than to the control column (track 6). Although it is not possible to tell whether binding was selective as it was the only major sulphated protein applied to the column, the result suggests that the major sulphated glycoprotein of HG52 also has Fc-binding activity. (In this experiment some of the HG52-infected cell extract was lost and fewer counts were loaded on to both Fc affinity and control columns.)
R. G . H O P E A N D O T H E R S
Identification o f the major sulphated H S V-induced glycoprotein as glycoprotein E
Excreted sulphated polypeptides
Excreted polypeptides were found in the supernatant after centrifuging the growth medium at 35 000 g for 2 h (see Methods). This procedure removed the majority of virions from the growth medium whilst leaving behind most of the TCA-precipitable counts ( Table 2 ). The table shows that the yield of supernatant virus was not reduced by the absence of inorganic sulphate from the growth medium. It also shows that the fraction of TCA-precipitable counts remaining in the growth medium after centrifugation was essentially unaffected by the presence in, or absence from, the growth medium of inorganic sulphate. These observations further justify the use of sulphate-free medium. Fig. 5 shows intracellular polypeptides and polypeptides found in the extracellular growth medium before and after centrifugation. In this experiment, ceils infected with 17 syn ÷ were labelled with 3sS-inorganic sulphate or [14C]glucosamine (which, like mannose, serves to indicate the positions of glycoproteins). Most of the sulphated glycoproteins A/B/C and E were removed from the extracellular growth medium by centrifugation, suggesting that they are virion-bound or exist in an aggregated form. On the other hand, most of the sulphated gD was not removed, suggesting that it is largely excreted and is soluble in the growth medium. Also excreted were the sulphated polypeptides of apparent mol. wt. 32000 and 34000. In addition, lower amounts of a polypeptide of apparent mol. wt. 35 000 and small amounts of a sulphated glycoprotein of apparent mol. wt. 47 000 were frequently observed to be excreted.
Apparent mol. wt. of sulphated polypeptides
The previously referred to apparent mol. wt. of the intracellular and excreted sulphated polypeptides were determined by comparing their mobility (on 5 to 12.5% SDSpolyacrylamide gels) with those of [ 35S]methionine-labelled intracellular polypeptides (Fig. 6) . The major intracellular sulphated polypeptide in 17 syn+-infected cells had an apparent mol. wt. of 72 000 to 83 000 with a fainter band at 67 000. In HG52-infected cells the intracellular polypetide of major intensity had an apparent tool. wt. of 74000 to 85 000 and again there was a minor band at 67000 (not clearly seen in this figure but regularly seen in a pulse, e.g. Fig. 2 ). These tool. wt. are almost identical to the mol. wt. range of 65000 to 80000 Fig. 9 . Mapping of the excreted polypeptides of apparent mol. wt. 32000, 34000 and 35000. Autoradiograph of polypeptides induced in cells infected with recombinants 17 + × IV(l), B × 1(28-1-1), B × 6(17-I), RE4, RE6, and the parental viruses, 17 syn ÷ (HSV-1) and HG52 (HSV-2). Cells were labelled with 35S-inorganic sulphate from 3 to 24 h after infection. The symbol (11), indicating an HSV-1 polypeptide, is placed to the left of the polypeptide to which it refers. The number 1 or 2 above a track denotes the HSV-1 or HSV-2 parental virus. The figure has been trimmed to show only those polypeptides of tool. wt. greater than approx. 30000. determined by Baucke & Spear (1979) for glycoprotein E and provide additional evidence that this sulphated glycoprotein is glycoprotein E. The apparent mol. wt. of other intracellular sulphated polypeptides are indicated on Fig. 6 . The strongest virus-induced sulphated band excreted from cells infected with H G 5 2 migrated in the vicinity of glycoprotein D with an apparent mol. wt. of 57000 to 63000 (Fig. 10) . A band of similar apparent mol. wt. (47000 to 57000) was excreted from cells infected with 17 syn + and, in addition, the 32K and 34K polypeptides were very prominent with lesser amounts of the 35K polypeptide. Additional sulphated bands observed in this and other figures co-migrated with host sulphated bands (Fig. 10 ).
P h y s i c a l m a p location o f s u l p h a t e d p o l y p e p t i d e s
We consistently observed that glycoprotein E induced by H G 5 2 migrated slightly slower in 5 to 12.5 % gradient S D S -P A G E gels than did glycoprotein E induced by 17 syn ÷ (Fig. 1, 2 t 32K, 34K, 35KexcreteJ(32K , 34K, 35Kexer~tea + 32K, 34K, 35Kl,traceltular), where gDex~r~ted = (A of gDex~r~ted peak × vol. in which polypeptides harvested)/vol, loaded on to gel and gDintracellular, 32K, 34K, 35Kexcretea and 32K, 34K, 35Kimracellular are similarly calculated. 6 and 7). This mobility difference enabled a physical map location for the glycoprotein to be obtained. Mock-infected or infected cells grown in sulphate-free medium were labelled with 35S-inorganic sulphate from 5 to 7 h post-infection, a procedure which labelled predominantly glycoprotein E (Table 1) . Recombinants 17 + x llr(1), B x 1(28-1-1) and B x 6(17-1) induced a type 2 polypeptide whereas RE6, RH6 and RE4 induced a type 1 polypeptide (Fig.  7) . Correlation of these data with the genome structures of these recombinants (Fig. 8) gave a map location between 0.832 and 0.950 of the genome, delimited on the left by B × 1 (28-1-1) and on the right by RE4 with all data consistent.
To gain insight into the origin of the excreted 32K, 34K and 35K polypeptides we have mapped them using the same set of recombinants. They were excreted by recombinants RE4 and RE6 but not by HG52 or recombinants 17 + x 1 lr(1), B x 1(28-1-1) or B x 6(17-1) (Fig.  9 ) from which result a map position of 0.832 to 0.950 can be deduced. These coordinates are again delimited on the left by B x 1(28-1-1) and on the right by RE4 with all data consistent.
Since the genomic location of the 32K, 34K and 35K polypeptides is within the limits obtained for glycoprotein E the possibility exists that they might be related to glycoprotein E. They could also be related to glycoprotein D which maps within the region 0.824 to 0.945 Ruyechan et al., 1979; Halliburton, 1980 ). Accordingly, we tested whether these excreted proteins could be precipitated by monoclonal antibodies directed against gD.
We have seen that the excreted sulphate label was mainly associated with either the 32K, 34K, 35K bands or with polypeptides co-migrating in the vicinity of glycoprotein D (Fig. 5,  6 , 9 and 10, track 4). The three 32K, 34K, 35K bands could also be recognized amongst the many [aSS]methionine-labelled polypeptides excreted from cells infected with 17 syn + (compare tracks 3 and 4 of Fig. 10 ). Tracks 10 to 14 of Fig. 10 show the results of immunoprecipitation using monoclonal antibody no. 140. This antibody was specific for glycoprotein D as can be seen from the co-migration of the polypeptides immune-precipitated from infected cells labelled with [aSS]methionine (track 12) and gD and pgD (identified by the profile of intracellular polypeptides from 17 syn÷-infected cells labelled with
[3H]mannose; track 11). Track 13 shows the polypeptides precipitated by this antibody from the total [3~S]methionine-labelled polypeptides excreted from infected cells (track 14). The 32K, 34K and 35K polypeptides were specifically precipitated, demonstrating that they share a common antigenic determinant with glycoprotein D. In addition, a glycoprotein can just be seen in the immune precipitate as a broad band, the fastest migrating part of which had an apparent mol. wt. of 47K.
Quantification of the amount of sulphated glycoprotein D and the 32K, 34K, 35K
polypeptides which are excreted from HS V-l-infected cells Fig. 5 and 6 show that in comparison with the other sulphated glycoproteins, glycoprotein D and the antigenically related 32K, 34K, 35K polypeptides are preferentially excreted. To quantify the ratio of the amount excreted to that synthesized, densitometer scans were made of autoradiographs of intracellular and excreted sulphated polypeptides from experiments similar to those shown in Fig. 6 . From a knowledge of the volumes in which the proteins were harvested and the volumes loaded on to gels the values shown in Table 3 were calculated. About two-thirds of sulphated gD was excreted, either as gD or as the 32K, 34K, 35K bands and about 95% of the 32K, 34K and 35K polypeptides which were made were excreted. Similar amounts were excreted from both BHK and HFL cells.
It is clear from Fig. 10 that the sulphated polypeptides form only a subset of the total polypeptides excreted from 17 syn+-infected cells (compare track 4 with tracks 3 and 9). For example, in addition to the 32K, 34K, 35K bands (track 9) polypeptides having apparent mol. wt. of 112000 to 120000, 57000, 47000, 45000 and 40000 were released from 
DISCUSSION
The results presented show that HSV glycoproteins, like the proteins of many viruses (Erickson & Kaplan, 1973; Compans & Pinter, 1975; Pinter & Compans, 1975; Pennington & McCrae, 1977) , are sulphated. Glycoprotein E which has affinity for the Fc region of immunoglobin (Baucke & Spear, 1979) is the major sulphated glycoprotein in BHK cells infected with either 17 syn + (HSV-1) or HG52 (HSV-2). Identification of the major sulphated polypeptide as glycoprotein E was based on two observations. Firstly, it was bound by an Fc affinity column (Fig. 4) and, secondly, the range of apparent mol. wt. determined by us (67 000 to 85 000) is very similar to that (65 000 to 80 000) determined by B aucke & Spear (1979) for glycoprotein E.
Inorganic sulphate was also found to be associated with glycoprotein D; however, only the more mature forms (gD) and not the precursor form (pgD) were sulphated ( Fig. 2 and 5) . For glycoprotein E, the association of inorganic sulphate was mainly but not exclusively with the more fully processed forms (Fig. 2, 5 and 6 ). These observations suggest that sulphate is added at a late stage in the maturation of glycoproteins D and E. We cannot tell from the present data whether only the more fully processed forms of glycoproteins A, B or C are sulphated as the precursor and mature forms of these glycoproteins were not readily identified, nor yet whether the failure to consistently observe sulphation of HSV-2 glycoproteins A/B/C reflects reduced levels of synthesis or sulphation of these glycoproteins compared with that of the HSV 1 glycoproteins A/B/C. Synthesis of host sulphated macromolecules was inhibited at non-permissive temperature by the very early mutant ts K (Fig. 3) . This observation suggests inhibition is mediated by an early virus protein and/or a virion protein and extends the results of Fenwick & Walker (1978) who showed inhibition of host DNA, RNA and protein synthesis by HSV was caused by a constituent of the virion. The ability of HSV to reduce synthesis of host-sulphated macromolecules is comparable to that of influenza virus which markedly inhibits incorporation of inorganic sulphate into cellular mucopolysaccharide (Nakamura & Compans, 1977) .
The SDS-PAGE and antigenic data of Chen et al. (1978) , Norrild & Vestergaard, (1979) and Randall et al. (1980) demonstrate release of antigens related to glycoproteins A/B, C and D from HSV-infected cells. Other antigens, Ag-7, Ag-3, Ag-3A (HSV-1) and Ag-9, Ag-4A, and Ag-3 (HSV-2) (Norrild & Vestergaard, 1979) , are also released but the proteins associated with these antigens have not been identified. Randall et al. (1980) identified six HSV-1 and HSV-2 polypeptides released from infected cells labelled with glucosamine. The profiles they presented are very similar to those obtained by us (Fig. 10) and permit a comparison of the nomenclature used to describe their work and ours. It is likely that infected cell-released polypeptides (ICRPs) a, b, c and e of HSV-1 correspond to excreted polypeptides with apparent mol. wt. 112000 to 120000, 57000, 47000 and the triplet 32000, 34000 and 35000 respectively while ICRPs 1, 3, 4 and 5 of HSV-2 correspond to excreted polypeptides of apparent mol. wt. 92000 plus 85000, 63000, 50000 and 40000 respectively. This comparison is further strengthened for HSV-1 by the observations that: (i) ICRPs c and e are precipitated by anti-band II serum (equivalent to anti-glycoprotein D serum; for review, see Norrild, 1980) and (ii) excreted polypeptides of mol. wt. 47000 and the 32K, 34K, 35K bands are precipitated by anti-glycoprotein D monoclonal antibody (Fig. 10) . Randall et al. (1980) proposed two alternative interpretations for the co-precipitation of ICRPs c and e by anti-band II serum. Firstly, that both polypeptides are of virus origin and immunologicaUy related and secondly that ICRP e may be of host origin and be precipitated by the anti-band II serum by virtue of its affinity for glycoprotein D. If the 32K, 34K and 35K excreted polypeptides are equivalent to ICRP e then our observation that they are type-specific, i.e. no sulphated polypeptide of comparable tool. wt. was excreted from cells infected with HG52, suggests that they are of virus and not host origin. In our opinion an unlikely third alternative is that the three bands are host polypeptides whose synthesis continues after infection and which bind to glycoprotein D of HSV-1 but not to glycoprotein D of HSV-2 and we consider that the most reasonable interpretation of our data is that glycoprotein D and the 32K, 34K and 35K bands are immunologically related. Whether the non-sulphated, glycosylated polypeptide of apparent mol. wt. 40000 excreted from HSV-2-infected cells (Fig. 10, track 7) is immunologically related to glycoprotein D remains to be determined. Data (not shown) indicate a map site similar to that of glycoprotein D.
The data presented here show that sulphated glycoproteins induced in 17 syn +-or HG52-infected cells are not excreted in amounts proportional to their synthesis. Those migrating in the vicinity of glycoprotein D and the 32K, 34K and 35K polypeptides from 17 syn+-infected cells are excreted in greatest abundance. Remarkably, over 95% of the total production of the 32K, 34K and 35K polypeptides is excreted (Table 3) .
Although the excreted 32K, 34K, 35K polypeptides are immunologically related to glycoprotein D, their genesis remains obscure. They most likely arise by cleavage from glycoprotein D or independently from the same gene through a spliced mRNA. Among the questions which will arise if they are cleavage products are: (i) whether the cleavage occurs intracellularly or extracellularly, (ii) whether the enzyme responsible is of host or virus origin and (iii) whether the cleavage is necessary for expression of yet unrecognized enzymic activities of these polypeptides or for virus infectivity, as has been demonstrated for other viruses (for review, see Klenk & Rott, 1980) . Using 35S-inorganic sulphate as an isotopic label we have consistently observed that glycoprotein E induced by HSV-1 migrated slightly faster in SDS-polyacrylamide gels than did glycoprotein E induced by HSV-2. Analysis of the serotype of the glycoprotein induced by several intertypic recombinants and correlation with their genome structure has allowed us to obtain a map position of between 0.832 and 0.950 for glycoprotein E. Since submission of this manuscript we learnt that this position is compatible with that obtained independently by Para et al. (1982) . Both their results and ours were presented at the International Conference on Herpesviruses held in Bologna, Italy (1981) . As noted earlier (Marsden et al. , R.G. HOPE AND OTHERS 1978 ) the method of mapping does not allow us to exclude the possibility that we are locating a type-specific function which affects the processing of the polypeptide. Previous mapping using recombinants has placed both glycoprotein D and a major type 2 glycoprotein (mol. wt. 92000) in this same region . It will be important to define more precisely the location of the glycoproteins within the short region and to determine whether they are derived from overlapping, contiguous or non-contiguous sequences.
